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(54) MECHANOCHEMICAL ACTUATOR 

(57)Abstract: 

PURPOSE: To rapidly and largely bend and deform by controlling a DC voltage to 
be applied between positive and negative electrodes, and so absorbing and 
swelling electrolyte solution as to differentiate ionic polymer gel on positive and 
negative electrode sides. 

CONSTITUTION: A mechanochemical actuator is formed at a rectangular shell 1 
of a polymer elastic material such as, for example, an acryl film or the like, and 
platelike ionic polymer gel 2 to be bent by the application of a DC voltage and 
platelike positive and negative electrodes 3. 4 for applying electric energy to the 
gel 2 are disposed in an inner space. The electrode 4 is flexible, and deformed 
upon deformation of the gel 2, and the electrode 3 is so disposed that the gel is 
not brought into contact therewith through a plastic spacer 5. The electrodes 3, 4 
are covered on the surfaces with nonionic polymer gel 7, and electrolyte solution 
6 is filled in a remaining space. A power source 8 is connected between both the 
electrodes. Thus, the positive electrode side face absorbs much solution to be 
swelled under the control of the application of a voltage thereby to bend the 
whole. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The outer shell which consists of a spring material and has space in the interior, and the electrolytic solution inserted into the 
space formed in this outer shell, The positive electrode and the negative electrode which are arranged in said space and it comes to 
cover with nonionic polymer gel in a front face, The power-source means which it comes to connect with this positive electrode and 
the negative electrode, and controls direct-current-voltage impression to between this positive electrode and the negative electrode, 
The mechanochemical actuator characterized by the deformation force which is between this positive electrode and the negative 
electrode, and is produced according to the deformation accompanying control of the above-mentioned direct-current- voltage 
impression consisting of ionicity polymer gel which it comes to arrange in the location which acts on the above-mentioned outer shell. 
[Claim 2] The mechanochemical actuator characterized by coming to provide a means to prevent contacting ionicity polymer gel 
directly in the above-mentioned positive electrode in a mechanochemical actuator given in a claim (1). 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

This invention relates to the mechanochemical actuator applicable to a switching device, a robot's finger contact, etc. crooked by 
electric stimulus. 
[Description of the Prior Art] 

With the advance of robotics or the iatrotechnique, it is lightweight and the needs to the small actuator which is rich in flexibility are 
increasing quickly. Conventionally, the thing based on electromagnetic force has been used for a long time so that an actuator may be 
looked at by the motor. While this kind of actuator has in engineering the advantage [ control ] of being easy, a system becomes large- 
scale in the top where structure is complicated, and the fault that an output weight ratio is small exists. Moreover, it is considerably 
inferior in respect of flexibility. Then, to the above-mentioned needs, the actuator by the new principle is examined and, on the other 
hand, the thing using the mechanochemical matter represented by polymer gel has been capturing the spotlight. 
Here, the mechanochemical matter is an organic substance to which oneself performs a mechanical deformation by stimulus of 
presentation change of a solvent, light, etc., and since oneself deforms while it is lightweight and rich in flexibility, as for the actuator 
using this, it is expected small and that an output weight ratio will become large. The actuator using the mechanochemical matter 
expanding and contracting by an optical exposure or solvent exchange until now is proposed (JP,60-184975,A). 

Although improvement in responsibility is aimed at in these actuators as it is easy to contact a stimulus kind and the mechanochemical 
matter physically, structure becomes complicated and difficulty is followed on controlling a stimulus kind in engineering. 
Moreover, the system which the electrical and electric equipment with easy control is chosen [ system ] as a stimulus kind, and makes 
the mechanochemical matter expand and contract is also proposed (JP, 62-151 824.A, JP.61-4731 ,A). When the mechanochemical 
matter near a positive electrode contracts by impression of an electrical potential difference, residual stress occurs in the interior of 
the mechanochemical matter, and it is made to destroy the mechanochemical matter in it, since the mechanochemical matter is filled 
up into the whole building envelope of an outer shell with the system which the mechanochemical matter expanded and contracts by 
electric stimulus given in JP,62-151824,A. Moreover, by the system given in JP,61 -4731 ,A, the mechanochemical matter tends to be 
immersed into a solution, and you are going to impress an electrical potential difference to the electrode in a solution, and are going to 
make it this mechanochemical matter greatly crooked according to an operation of the electrical and electric equipment, and the 
application to an actuator is considered using this. However, it will be able to be used only in a solution but the range of applied will be 
limited. 

[Explanation of the 1st invention] 

**** 1 invention (invention given in the ****** (1) term of a patent claim) tends to be made in view of the trouble of the above- 
mentioned conventional technique, and does not tend to spoil the property of the mechanochemical matter at the time of actuation, but 
tends to offer an usable mechanochemical actuator into atmospheric air. 

The mechanochemical actuator of **** 1 invention The outer shell which consists of a spring material and has space in the interior, 
and the electrolytic solution inserted into the space formed in this outer shell, The positive electrode and the negative electrode which 
are arranged in said space and it comes to cover with nonionic polymer gel in a front face, The power-source means which it comes to 
connect with this positive electrode and the negative electrode, and controls direct-current-voltage impression to between this 
positive electrode and the negative electrode, It is characterized by the deformation force which is between this positive electrode and 
the negative electrode, and is produced according to the deformation accompanying control of the above-mentioned direct-current- 
voltage impression consisting of tonicity polymer gel which it comes to arrange in the location which acts on the above-mentioned 
outer shell. 

By controlling impression of the direct current voltage of a between [ the above-mentioned positive electrode and the negative 
electrodes ], the mechanochemical actuator of **** 1 invention is deformed by flexion, when the ionicity polymer gel which is the 
mechanochemical matter absorbs a nearby electrolytic solution many and swells more from the field by the side of the negative 
electrode in the field by the side of the positive electrode. The whole actuator is crooked as a result by making the applied force 
accompanying this deformation act on an outer shell. Moreover, in order that ionicity polymer gel may discharge an electrolytic solution 
by making forward and the negative one of an electrode reverse, removing an electrical potential difference, it restores to the original 
condition, and in connection with it, the whole actuator is restored to the original condition. Furthermore, the whole actuator can also 
be reversed if the condition of having made reverse forward and the negative one of the above-mentioned electrode is continued. By 
the repeat of absorption and discharge into the polymer gel of the electrolytic solution which it comes to arrange in an outer shell, 
since the actuator of **** 1 invention is what carries out crookedness / restoration movement of the polymer gel, it controls 
generating of the residual stress in gel, ionicity polymer gel does not destroy it, and the property is not spoiled. Moreover, since the 
actuator of **** 1 invention is what carries out hold **** of an electrolytic solution, an electrode, and the ionicity polymer gel into an 
outer shell, there is no problem of operating only in a solution like before, and it can be used into atmospheric air. Therefore, it can use 
for a wide range application. Furthermore, if it is unified in the space of an outer shell and a positive electrode and the negative 
electrode shorten both spacing, the actuator of **** 1 invention can operate also with a minute electrical potential difference (about 
[ several ] V), and can control the rate of crookedness, the amount of distortion to generate easily. 

The actuator of **** 1 invention which has such a property is applicable to a switching device, a closing motion valve, robot finger 
contact, etc. 

[Explanation of the 2nd invention] 

hereafter, invention (a ** — it considers as the 2nd invention) which made **** 1 invention more concrete is explained. 

It comes to arrange the mechanochemical actuator of **** 2 invention in the building envelope of an outer shell where ionicity polymer 

gel, an electrolytic solution, and the positive electrode and the negative electrode which it comes to cover with nonionic polymer gel in 




• # 

• gel performs crookedness / restoration movement by impn^reio 



BEST AVAILABLE OOPY 



a front face consist of a spring material! _ 

The above-mentioned ionicity polymer gel performs crookedness / restoration movement by impn^Sion of electric field, and discharge, 
and in order to make it answer electric field, it is taken as the thing of ionicity. As this ionicity polymer gel, it is desirable to use the 
following. 
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